Abstract. The role of annexin II in hepatitis B virus (HBV)-associated hepatocellular carcinoma (HCC) remains to be elucidated. Intracellular hepatitis B surface antigen (HBsAg)-retention contributes to the induction of hepatocarcinogenesis. The present study aimed to investigate the regulation of HBsAg secretion by annexin II expressed in HBV-producing hepatoma cells. 
Introduction
Human hepatitis B virus (HBV) infection is a worldwide problem. More than 400,000,000 individuals are chronically infected with HBV and >1,000,000 succumb to HBV-associated liver cirrhosis and hepatocellular carcinoma (HCC) (1) . Chronic HBV infection is recognized as a major risk factor for HCC and the morbidity and mortality rates of HBV-associated HCC are high. However, there is no effective treatment for HCC. It is generally accepted that the pathogenesis of HBV-associated HCC is a multifactorial and synergistical process, which is mediated by immune responses (2) . Certain studies have reported that the hepatitis B surface antigen (HBsAg) accumulates in hepatocytes and the truncated form of the large HBV envelope protein can lead to hepatocarcinogenesis (3, 4) . In addition, HBV envelope proteins contain large, middle and small surface proteins. Viral replication and maturation occur in the endoplasmic reticulum (ER). HBV surface proteins accumulate in the ER of hepatocytes and initiate ER stress, which induces oxidative DNA damage and genomic instability (5) . However, the mechanism underlying the accumulation of large quantities of viral envelope proteins in hepatocytes remains to be elucidated.
The 36 kDa calcium-dependent phospholipid-binding protein, annexin II is present on the surface of the majority of eukaryotic cells and is involved in a number of biological processes (6) . Annexin II is highly expressed in several types of human neoplasms, including pancreatic (7), gastric (8) and colorectal cancer (9) . However, the expression of annexin II is low in prostate (10) and head and neck squamous cell carcinoma (11) . At present, the expression of annexin II in liver cancer remains to be elucidated. The mRNA and protein levels of annexin II are increased in HCC tissues (12, 13) , but are downregulated in HepG2.2.15 cells compared with HepG2 cells (14) . It has been suggested that expression of the HBV genome inhibits the expression of annexin II by DNA methylation in the promoter of HepG2.2.15 cells (14) . However, annexin II is a membrane-binding protein and the ubiquitin-proteasome system may target membrane-anchored or secretory pathway-compartmentalized proteins and cause protein degradation (15, 16) . Therefore, further investigation is required to clarify the expression of annexin II in HBV-producing hepatoma cells, determine the factors affecting the expression of annexin II and investigate the possible function of annexin II in HBV-associated HCC.
Modulation of hepatitis B surface antigen secretion by annexin II expressed in hepatitis B virus-producing hepatoma cells
The present study aimed to detect the expression and localization of annexin II in different cell lines, clarify whether ubiquitination and the proteasome mediate the degradation of annexin II in HepG2.2.15 cells and investigate whether annexin II is important in the secretion, rather than the intracellular storage of HBsAg. The findings of the present study revealed the association between the expression of annexin II and the secretion of HBsAg in HBV infection.
Materials and methods
Plasmid. Annexin II was amplified by polymerase chain reaction (PCR) using pEGFP-annexin II, which was provided by Dr Carl E. Creuz (17) . The following primers were used: forward 5'-CGGGATCCACCATGTCTACTGTTCACG-3' containing BamHI and reverse 5'-AAATATGCGGCCG CTCAGTCATCTCCACCA-3' containing NotI. The PCR products were cloned into pcDNA3.1(+) to generate a pcDNA3.1-annexin II expression vector and the inserted fragment was sequenced by Shanghai Generay Biotech Co., Ltd. (Shanghai, China). Western blot analysis. Cells were lysed in radioimmunoprecipitation assay buffer (50 mM Tris, 150 mM NaCl, 1% NP-40, 0.5% sodium deoxycholate and 9 mM EDTA; pH 7.4). The samples were mixed with 1X loading buffer [1 M Tris-HCl; pH 6.8, with 2.0% sodium dodecyl sulfate (SDS), 10% glycerol, 0.1 M dithiothreitol and 0.2% bromphenol blue] and boiled for 20 min, following which the proteins were separated by SDS-PAGE (Bio-Rad Laboratories, Inc., Hercules, CA, USA). The separated proteins on the gels were electrophoretically transferred onto a nitrocellulose membrane (Whatman, Piscataway, NJ, USA) at 20 V for 20 min. The blotted membrane was probed with anti-annexin II, anti-HA, or anti-β-actin primary antibodies. The secondary antibodies used were alkaline phosphatase-conjugated anti-mouse or anti-rabbit immunoglobulin G and staining was performed using 5-bromo-4-chloro-3-indolyl phosphate and nitro blue tetrazolium solutions (Sigma-Aldrich, St. Louis, MO, USA).
Immunofluorescence. The cells cultured on coverslips were briefly rinsed with phosphate-buffered saline (PBS) solution and fixed using 4% paraformaldehyde (Beijing Chemical Works, Beijing, China) for 20-30 min. The cells were rinsed, inhibited with 10% bovine serum albumin (Boster Biological Technology, Ltd., Wuhan, China) in PBS for 30 min at room temperature and incubated overnight at 4˚C with primary antibodies diluted 1:100 in PBS plus 5% bovine serum albumin and 0.1% Triton X-100 (Amresco LLC, Solon, OH, USA). The cells were subsequently washed with PBS three times and incubated with secondary antibodies diluted 1:100 for 1 h. The stained cells were observed using a FluoView FV1000 laser scanning confocal microscope (Olympus, Tokyo, Japan) equipped with an argon/krypton mixed gas laser (excitation 488 and 543 nm). The blue (Hoechst-stained DNA), red (fluorescein isothiocyanate-stained HBsAg protein) and green (fluorescein isothiocyanate-stained annexin II protein) fluorescences were detected. A series of confocal images were captured using a UPLSAPO (magnification, x20, numeric aperture 0.75; Olympus). Each image was recorded using three-channel scanning and captured at an accuracy of 12 bits/pixel, as previously described (17, 18) . 
Assays for the expression of proteasome inhibitor-mediated annexin II in

Results
Intracellular expression and localization of annexin II in different cell lines.
Cell lysates were analyzed by western blot analysis to confirm the expression of intracellular annexin II in the SMMC-7721, HepG2, HepG2.2.15, 293T and CHO cell lines (Fig. 1A) . CHO cells transfected with the annexin II expression vector were used as a positive control. The expression level of annexin II was extremely low in the HepG2.2.15 cells, minimal in the CHO cells, but high in the HepG2, SMMC-7721 and 293T cells.
Further investigation determined the localization of annexin II in HepG2 and HepG2. (Fig. 1B) . (19) . The results demonstrated that downregulation of annexin II in the HepG2.2.15 cells was not associated with ubiquitination or potential degradation (Fig. 2) . Transfection efficiency in the GFP-complemented HepG2.2.15 cells was observed using a fluorescence microscope (Olympus Corporation, Tokyo, Japan).
Annexin II mediates the secretion of HBsAg in HBV formation. The HepG2 cells were cotransfected with the HBV expression vector and the annexin II plasmid or a control vector. The expression of annexin II was analyzed by western blot analysis in the lysed cotransfected HepG2 cells and β-actin was used as an internal control (Fig. 3A ). An Abbott chemiluminescence immunoassay was used to assess the secretion of HBsAg in the cell culture supernatants. When compared with the control-transfected cells, the HBsAg titer was decreased significantly in the HepG2 cells cotransfected with the HBV expression vector and the annexin II plasmid (P<0.05; Fig. 3B) .
Discussion
The present study demonstrated that the protein expression level of annexin II was lower in the HepG2.2.15 cells compared with the non-HBV-producing hepatoma cells, including HepG2 and SMMC-7721. The cytoplasm of the HepG2 cells also exhibited a significantly brighter signal of annexin II when compared with the HepG2.2.15 cells. In addition, annexin II colocalized with HBsAg in the cytosol of the HepG2.2.15 cells. Previous studies have indicated that annexin II is increased at the mRNA and protein levels in HCC tissues and that the expression of annexin II is associated with the histological grades of HCC (6, 12, 13) . However, it has been observed that the expression level of annexin II is decreased in HepG2.2.15 cells compared with HepG2 cells (14, 20) , which is in accordance with the present study. HepG2. 
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including HBV DNA integration, cytoskeletal rearrangement and proteasome-dependent degradation. It has been proposed that the low expression of annexin II in HepG2.2.15 cells may be inhibited by the expression of the HBV genome due to DNA methylation in the annexin II promoter (14) . However, certain studies have demonstrated that membrane-binding and secreted proteins are targeted by the ubiquitin-proteasome system and thus are degraded (15) . HIV-1 Vif was used as a positive control owing to the formation of a E3 ubiquitin ligase with CUL5 and elongin B/C, promoting the polyubiquitination and degradation of various substrates (19) . In the present study, the proteasome inhibitor MG132 was added to Vif-complemented HepG2. In addition, the present study then examined whether annexin II was important in the viral life cycle. As annexin II is a Ca 2+ -regulated phospholipid-binding and membrane-binding protein, it was hypothesized that annexin II may be associated with viral entry and budding (21) (22) (23) . Viral entry remains enigmatic, however, envelopment and budding of the mature nucleocapsid is dependent on the presence of viral surface proteins. In addition, the intracellular accumulation of HBsAg is closely associated with hepatocarcinogenesis (3), which initiates ER stress and induces DNA damage and genomic instability (5, 24) . The present study found that annexin II colocalized with HBsAg in the cytosol of the HepG2.2.15 cells. Therefore, further investigation was performed to determine whether annexin II affected the secretion of HBsAg for intracellular accumulation. The results demonstrated that annexin II significantly decreased the secretion of HBsAg in the HepG2 cells cotransfected with the HBV and annexin II expression vectors. Taken together, these results confirmed that inhibition of HBsAg secretion by annexin II contributed to intracellular storage of HBsAg and may be an indispensable factor in hepatocarcinogenesis.
In conclusion, HBV decreased the expression of annexin II in HepG2.2.15 cells, however, annexin II significantly inhibited the secretion of HBsAg in favor of intracellular accumulation of HBsAg. These findings provide new insights into the mechanism underlying HBV-induced liver cancer and may assist in the development of novel therapeutic strategies for patients with HBV-associated HCC.
